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Chromosome analysis Patient 1: Meningioma and diffuse astrocytoma
A 68-year-old, right-handed women suffering from dementia on the right arm coupled with suffering leg weakness in October 2013. A clinical examination showed right hemiparesis and right facial nerve palsy with upper motor neuron type. She had neither café-au-lait spots nor Lisch nodules, which are found in neurofibromatosis Type 1 (NF1). There was also an absence of first-degree relatives of NF1.
MRI of the brain showed a homogeneously enhancing mass with dural tail sign located in the left frontal lobe as seen on T1-weighted (T1W) gadolinium-enhanced images. Furthermore, another lesion was observed at the right insular lobe that showed an ill-defined area of mixed hypo-and hyperintense but nonenhancing lesion on T1W, fluid-attenuated inversion recovery, and T1W gadolinium-enhanced images, respectively [ Figure 1a ]. In addition, the T1-weight inversion recovery MRI showed hyperintensity of the right insular lesion [ Figure 1b] .
A left craniotomy for tumor removal was performed to address the frontal lesion first. The tumor was found attached to the dura mater and measuring 4.5 cm in diameter by 4.5 cm. Both tumor and attached dura mater were completely removed. After surgery, this patient made an uneventful recovery without any new neurological impairment. The pathology of the frontal lesion was fibrous meningioma (WHO II) [ Figure 1d ].
One year after the first surgery, the patient suffered a generalized tonic-clonic seizure. A follow-up MRI brain scan showed no evidence of recurrence of the left frontal meningioma, and there was a stable size of the right insular lesion. In addition, no decreased N-acetylaspartate (NAA) and no choline peak were noted in magnetic resonance spectroscopy [ Figure 1c ]. Taking the clinical seizure as a sign of progression, we had the indications that an operation was required to obtain a diagnosis. A right-sided craniotomy for a transsylvian approach was performed. Discoloration of the insular cortex was encountered, and the extent of resection was 90% in the complex location. Thus, surgical specimens were sent for analysis. change in mentation and left hemiparesis, so the patient had been admitted to a provincial hospital. CT head scans demonstrated two sites with intracranial tumors: an irregular rim-enhancing mass at the right frontoparietal lobe and a sellar tumor. During hospitalization, the patient showed progressive neurological deterioration. Therefore, the patient underwent a decompressive craniectomy and was transferred to our hospital. At the tertiary hospital, he was fully oriented but had hemiplegia on the left side. Cranial T1W MRI with intravenous (I/V) gadolinium revealed an irregular, heterogeneously contrast-enhancing mass at the right frontoparietal lobe measuring 52 mm × 68 mm × 54 mm with central hypointensity indicative of necrosis [ Figure 2a ].
In addition, another tumor was noted in the sellar region with suprasellar extension, measuring 20 mm × 21 mm × 29 mm [ Figure 2d and e]. Pituitary hormones were found to be within normal values. An extended right frontoparietal craniotomy was performed to approach both tumors. However, the patients' position was suboptimal to access the sellar region limiting the resection to a partial one at this site.
Histopathology of the right frontoparietal lesion revealed a glioblastoma multiforme [ Figure 2b and c] while the sellar tumor was identified as pituitary adenoma [ Figure 2f ]. Since his hormonal profiles were normal, nonfunctioning pituitary adenoma was designated. The postoperative period was uneventful, and the patient was sent for adjuvant therapy. Unfortunately, the patient refused adjuvant therapy and was lost to for any further follow-up.
Patient 3: Planum sphenoidale meningioma and pituitary adenoma
A 62-year-old female patient presented with progressively blurred vision in her right eye, which had occurred over the course of 1 year. On examination, she had normal visual acuity in her left eye but only 20/200 in her right eye. A cranial T1W MRI with I/V gadolinium revealed a homogeneously enhancing, board-based tumor at the planum sphenoidale with a dural tail sign, measuring 37 mm × 30 mm × 18 mm. Interestingly, a second enhancing sellar tumor with suprasellar extension was observed posterior to the former [ Figure 3a and b]. Therefore, the patient underwent a subfrontal approach for microsurgical resection. The anterior tumor showed a good arachnoidal plane for dissection but was attached to the dura of the planum sphenoidale. This tumor was subtotally removed due to high vascularity.
Histological characteristics were those of a meningothelial meningioma. Tumor cells formed lobules where they appeared to form a syncytium with oval nuclei, occasionally showing central clearing [ Figure 3c ]. The tumor was immunostained and found to be positive for epithelial membrane antigen. After surgery, the patient developed Gram-negative septicemia and required antibiotic administration for 2 weeks. She recovered well and her vision, in the right eye, gradually improved too. At follow-up, she maintained independent daily activities. She does not wish to pursue a second surgery for the tumor residual.
Patient 4: Intraosseous meningioma and splenium anaplastic astrocytoma
A 61-year-old female patient presented with progressive headaches. Ten years prior, she had been diagnosed with an intraosseous Multiple, Primary Brain Tumors with Diverse Origins and Different Localizations: Case Series and R... https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6126305/?report=printable meningioma at the right frontal base [ Figure 4a and b] for which she underwent a right-sided craniotomy for resection. Follow-ups with MRIs were obtained annually and showed stable residual disease. However, over the course of 3 months, before admission, she had begun to develop progressively worse headaches. After a repeat of an MRI, a newly infiltrative heterogeneously enhancing mass involving bilateral splenium of the corpus callosum was observed. To obtain a pathological diagnosis, an image-guided biopsy was carried out [ Figure 4c and d].
Microscopic examination revealed hyperchromatic nuclei and mitotic figures. However, no areas of necrosis, hemorrhage, or endothelial hyperplasia were observed. A diagnosis of anaplastic astrocytoma WHO Grade III was made [ Figure 4e ]. Her hospital course was uneventful. Later, she was given a course of adjuvant external beam radiotherapy. She did not receive chemotherapy due to financial reasons. She has been followed up since, and she was still able to manage daily activities at the last follow-up.
Patient 5: Pituitary adenoma with multiple meningiomas
A 50-year-old female patient presented with a chronic headache for 3 months and with progressively worsening visual field defects. On examination, a dense bilateral temporal hemianopia with normal visual acuity was detected. Her hormonal laboratory demonstrated mildly elevated prolactin (64.5 ng/ml) although all other hormones were within normal range. Cranial MRI revealed a heterogeneously enhancing sellar tumor with suprasellar extension and chiasma compression [ Figure 5a ]. Two other hemispheric lesions were identified, which imposed as homogeneously enhancing solid nodules (1.1 cm on the right posterior parietal lobe and 1 cm on the left vertex with hyperostosis of adjusted skull). These were interpreted as likely meningiomas [ Figure 5c and d]. The patient underwent an endoscopic endonasal transsphenoidal approach for successful sellar tumor removal.
Microscopic examination of this surgical specimen showed epithelioid cells with a sheet-like growth pattern. A histological diagnosis of pituitary adenoma was made [ Figure 5b ]. The postoperative period was without incident. The patient is being followed clinically and expectantly for her convexity lesions. Her visual field defects have improved since.
Patient 6: Pineal epidermoid cyst with vestibular schwannoma
A 37-year-old female was referred from a provincial hospital due to a rapidly, worsening headache over a period of 2 weeks. According to her history, she had been suffering from progressive headaches for 5 years as well as from hearing disturbances on the right side for 1 year. Two weeks before admission, her headaches got rapidly more severe and she developed a bilateral papilledema. Cranial MRI revealed two tumors located in the pineal region and at the cerebellopontine angle (CPA), causing obstructive hydrocephalus.
A cranial T1W MRI revealed a nonenhancing large tumor at the pineal region with third ventricle extension. This tumor displayed restricted diffusion on diffusion-weighted MRI [ Figure 6a and b]. The second lesion imposed as a homogeneously enhancing cone-shaped tumor at CPA at the level of the right internal acoustic canal. The findings were compatible with vestibular schwannoma [ Figure 6d ].
The patient first underwent ventriculoperitoneal shunting for diversion of her cerebrospinal fluid. Later, an occipital transtentorial approach was chosen for pineal tumor removal. Near total tumor removal was achieved and the postoperative period was uneventful.
Histologically, the microscopic examination showed epithelium and lamellated keratin [ Figure 6c ], and the final diagnosis was epidermoid tumor. At last follow-up, she had recovered well and decided to postpone any CPA tumor surgery.
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In this case series, the authors report these six cases of coexisting, primary brain tumors observed in individual patients. They then reviewed the available literature for similar reported cases of coexistence between various tumor entities.
Clinical features
The clinical characteristics of the patient cohort are summarized in Table 1 . In addition, the summary table of all cases that have been reportedly been performed is in Appendix 1. This rare scenario is more frequently observed in the fourth-to-sixth decades of life, and we found a female predominance. The most frequently encountered combination is meningioma and pituitary adenoma.
The majority of coexisting tumors occurred simultaneously and in distinct locations. Almost a half of the tumors found under these circumstances were meningiomas. In cases of pituitary lesions, they were nonfunctioning adenomas.
Other associations with meningioma were described as glioma, primary cerebral lymphoma, schwannoma, and craniopharyngioma. In cases in which gliomas were found in this condition these where usually high grade glioma. Interestingly, an unusual combination between an epidermoid cyst and a schwannoma was found in our own series.
From pooled analysis, the mortality rate has been reported to be 21.1% (15/71). Mean survival is 10.36 months; however, the reason of death was restricted from secondary citation. Notice, 86.6% (13/15) of lethal cases are a combination between glioma and meningioma and 66.7% (10/15) are malignant glioma.
Pathogenesis
Various hypothesis of an association between the "tumor pairs" has been advocated in the past. Local tissue irritation from perilesional edema caused by the first tumor has been considered as a factor in inducing astrocyte or arachnoid cell transformation, causing neoplastic proliferation in the future. [16, 33] However, this hypothesis cannot completely explain the observations made since more than half of the simultaneously existing tumors are topographically disconnected (spatially remote) lesions. Therefore, another hypotheses have been proposed where a common genetic pathway is suggested, including the p53 disruption and receptor tyrosine kinase signaling molecules that have an expression of platelet-derived growth factor receptors (PDGFRs). [34] PDGF is one of the numerous growth factors that appears to play a significant role in angiogenesis and that can lead to tumorigenesis. [40, 41] Suzuki et al. reported an association of glioblastoma simultaneously presenting with meningioma. In their study, both tumors were strongly positive for PDGFR expression levels as seen through immunohistochemistry. [34] PDGFR subunits were classified in two types: alpha-and beta-subunits.
The alpha-subunit of the human PDGFR-alpha (PDGFRA) gene maps on q11-q12 of the human chromosome 4 [42] and gene encoding the beta-subunit of the human PDGFR-beta (PDGFRB) maps on human chromosome 5 at region 5q31-32. We, therefore, believe that the concept of an association of multiple, primary brain tumors is incompletely supported and the current evidence does not allow us to conclude the existence of a common genetic pathway to explain pathogenesis of this condition. However, such investigations are severely limited because of this being such a scarce scenario, with only a few patients reported in the literature as of now.
In epidemiology, those of the female gender coupled with increasing age are at greater risk for meningioma while glioma is frequently observed in the mid-30s of male gender. Vernooij et al. conducted MRIs of the brain in 2000 people to determine the prevalence of incidental brain findings. The prevalence of incidental brain tumor was 1.6%. Meningioma was the most common tumor (0.9%) while pituitary adenoma could incidentally be found in 0.3%. [6] The "Swiss cheese model" of accident causation explained that various errors fortuitously become accidents and incidents. [44, 45] Adaptively, the concept of truly incidental events should be considered like a model.
Management issues
According to the literature, surgery is usually the treatment of choice for this scenario, but the decision to operate on both tumors at the same time is debatable. Simultaneous and adjacent tumors are found in only 42.2% (30/71) of cases. A single operation could be accepted in cases when both tumors are spatially contiguous. [21] However, 49.2% (29/59) of stimulus cases show discontinuous tumors. Hence, the question will come up: "what tumor should be removed first?" We propose the idea of management for this scenario focus on the natural history of the disease.
Decision-making based on the presumed histopathology is an option. If a glioma is assumed, it will be the key determinant of the patients' prognosis in this scenario because 73% (19/26) of gliomas are malignant while almost all of the other coexisting tumors are benign. Planning of any therapy would, therefore, focus on the glioma. This correlates well with the observation that 86.6% (13/15) of reported mortality occurred in patients in whom one of the lesions was a glioma. It is, therefore, our opinion that the malignant tumor should be removed first and treatment should center around the best, adjuvant management.
Hence, a second operation for the removal of any remaining lesions can be delayed or such lesions can also be observed only when these secondary tumors are likely benign, asymptomatic, small sized, or slow to grow.
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The authors described a case series of rare patients, who presented with coexisting, primary brain tumors. The authors presented their patients in detail and summarized other clinical features found in the literature.
The pathomechanism of this rare disease scenario has been inconclusive. Further genetic investigations performed on tumors found in this scenario will help to answer the question whether there is a common underlying genetic pathway for both (coexisting) tumors. As of now, surgical management remains a mainstay of treatment. In cases in which high-grade glioma had been found as one of the lesions, it is evident that it conveys a poor prognosis.
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